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STRESSES NEAR THE JUNCTURE OF A CLOSED AND
AN OPEN TORSION BOX AS INFLUENCED
BY BULKHEAD FLEXIBILITY
By Paul Kuhn and Haroid G. Brllmyer

SUMM ARY

A structure consisting of an open box jolned to a
closed box was subjected to torslonal loading. Stress
surveys were mede flrst with a stiff bulkhead and then
with a flexlble one at the dlscontinuity. The results
wers compared with stresscs calculeted by a previcusly
published theory, extended 1n thls peper to take into
account the flexibility of the bulkhead at the discon-
tinuity. 7Tt was found that the stress dilstribution is
not sensitive to bulkhead stiffness when thls stiffness
i1s lsrge, and the experlimental stresses agreed fairly
well with the calculated stresses under such test condi-
tionas. When the bulkhead stiffness was small, however,
the celculations beceme sensitlve to errors in estimating
thls stiffness; such errors may be ceused, for lnstance,
by neglecting the effect of rivet deformatlon. The method
of calculation 1s shown in detall for one case.

INTRODUCTION

The theory of stress distribution near discontinul-
tles 1s felrly well developed for structurel members of
compact cross sectlon. It 1s only slightly developed for
members of the thin-welled stiffened-shell type, however,
because even the bssic theorles for such members are of
relatlvely recent orlgin. The present peper dlscusses
one of the dlscontlinulty problems frequently arising in
the analysis of the smaller types of milltery alrplane,
namely, the problem of an open box Jolned to a closed box
end subjJected to torsion. The hligh =speeds achleved by
military alrplanes dictate wing structurocs consisting.of
closed box-beams, but in the viclinlity of the root 1t often
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becomes necessary to employ an open box in order to permit
retrsction of the landing gesr or lnsertion of gas tanks
into the wing. The Juncture between the closed and the
open box presents problems in stress analysis that were
Included as specisl cases in a previous paper on the gen-
eral theory of bending stresses due to torsion (refer-
ence 1). The theory presented inh reference 1 assumes

thaet the bulkheads are perfectly rigld; the error entalled
by this assumptlon may become appreclsble in the case
under dilscussion here, because the bulkhead transferring
torque from a closed box to an oren one 1ls heavily loaded.
The theory was therefore extended slightly to t ake bulk-
head flexibllity into account, snd thls extenslon 1s pre-
sented 1n appendixz A. Tests were made on a model struc-
ture, first with & very stiff bulkhead end then with a
very flexible one. Comparisons of the experimental
stresses wlth those calculated by the extended theory are
shewn. The cslculations are gilven 1ln detall for one case
(appendix B).

SYMBCLS
e length of bey (1in comblnetion bay, length of
closed box)
b wldth of box
¢ depth of box
d length of open box (1n combination bay)
t thickness of sheet

P, Q, W coefficlents deflned 1n reference 1

A effectlve cross-sectlonel area of spar cap
(corner flange)

® Young's modulus of elasticlty

G shear modulus of elastleclty

T torque

X force in spar cap at analysis statlion
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c etress in spsr cep

T shear stress in shest

Subscripts:

b pertalning to horizontal walls

c pertaiﬂing to vertlical walls

e effective _

B pertaining to bulkhead at discontinulty

( Juncture between open and closed box)

D located at dilscontinulty station

GENERAL DISCUSSICN COF THE PROBLTM

If 8 torque T 1s ap»lled et the tlp of a two-spar
wine structure, the transverse force acting on esch spar
is T/b (fig. 1) and the running shesr in the spar web is

™ = — (1)

The bending moment in each spnar 1s zero at the tip and
increeses linsarly toward the root.

A box structure absorhs torque by shesr in the walls
(fig. 2); the running sheer 1s constant in all four walls
end 1s given by the basic formula for a thin-walled torsion
box

Tt = —— 2
2be (2)

No bending moments exist 1n such a torque box.

Alrplane wings frequently have full-wldth cut-outs
with no cover or with covers of negliglble effectiveness
in carrying stress. The reglon of the cut-out 1s there-
fore an open box that acts like & two-spar structure under
forsionel losads (reference 2). The entire structure is
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then a statlcally lndetermlnate comblnatlon of a box and
a two-sper structure (fig. 3). The presence of the box
structure constreins the spesrs to deform as shown sche-
matically in figure Li(a). The constraint is exerted by
means of forces X acting on the spar flanges snd con-
stituting restraining moments as shown in figure l(D}.

If the box were perfectly rigld, easch sper would deform
in such a manner that the tangent to 1lts elastlc curve at
the discontlnulty statlon D would remaln psrallel to
the corresponding tesngent at the root station R. With
spars of constant sectlion, there would be a polnt of
Irnflection helfwey between the discontlnulty statlon and
the root. The restralning moment at the discontinulty
would be equal and oopnoslte to the bendling moment at the
root, end the moments could be computed very easlly
because the transverse shear force on esch spar l1s agaln
T/b. In an actusl box with flnite stiffness, the restrain-
ing moment wiould be less than the moment at the root, and
the polnt of inflection In the spar would be somewhere
betwsen the discontinulty station and the halfway polnt.

In the two-spar regicn of the structure, the entlre
torque T 18 carrled by the trensverse forces 1in the
shear webs. In the box reglon, only one-half of the
torque would bo cerried by the shear webs 1If the box were
8 free box, &8s csn be deduced immedlately from a compsrl-
son of formulas (1) end (2). At the juncture between the
two reglons, therefore, some torque must be transferred
from the sheer webs to the covers by the bulkhead. It
might te surmised thet this transfer would be effected in
such a manner thet the torque carried by the shesr webs
remains between the two values of T/2 send T. Csalcu-
latlons show, however, that the bulkhead actually “over-
does 1ts jcb." The running shear in the cover sheets 1s
Increased beyond the value of T/2bc glven by the simple
torsion-box formula (2}, and the shear in ths webs is
correspondingly below the value of T/2bc 1instead of
being between this vslue end the value of T/bc that it
has in the two-sper reglon. The amount of "overshooting"
may be sappreclable when the bulkhead is stiff. With
increasing distance from tke discontinuity the stress con-
ditlon defined by formuls (2) is approached, provided that
ths box has Intermediate bulkheeds. A qualitative plcture
of the shear-stress distrlibution 1s gilven by the solld
lines 1n figure 5(a).

A general theory for calculating the stresses in com-
bination structures of the type discusssd here 1s given in
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reference 1. Thils theory 1s based on the assumption that
all bulkheaeds are rigld 1n thelr respsective plesnes. The
calculations -presented -by -Ebner -(reference -3)- indlcate
that thle assumption 1is sufflclently accurate for practl-
cal purposes 1f adj)ecent bays are nct too dissimller. At
a merked discontinulty such as the transition from sn open
box to & closed box, however, 1t mey be advisable to take
into account the finlte stiffness of the bulkhead. The
theory of reference 1 can be extended qulte eeslly to
cover thls case, and the result of thls extension 1s given
in apoendlx A.

A gualitetive plcture of the stress changes brought
about by increasing the flexibllity of the bulkhead may
be hed by comparlng the short-dash lines with the solid
lines in figure 5. In the cover sheat, the shear stresses
are decreesed in the lnboard begy and incressed in the out-
board bey as indiceted in figure 5(a). Oppnosits chenges
necessarlly teke plece in the shossr wabs to meintein
equilibrium with the external torque. Figure 5(b) indl-
cates thet lncreascd flexlbillty of the bulkhead results
in Incrersed bendlng moments et the root, d=creased
bendling moments at the dilscontinmilty, and a lower rate
of decrease of the bending moments toward the tilp.

The theory of reference 1 assunes theat the walls of
the box carry only shzar end thst longitudinal forces are
absorocd entirelr by concentratzd corner flanges or spar
caps. Actnally, some of the longltudlinsel force 1s
absorbed by the wrlls (including stringers if they exist).
It 18 nccessery, therefore, to add to the area of the
actual spar cep3 some area equlvalent to the walls insofar
as absorption of longiltudinal forces 1s concerned.

It may &elso be sdvisaeble to meke some allowance for the
shear stresses lncldent to the diffuslon of part of the
flsnge force into the walls. These detalls ere discussed
more fully 1in the sectlon "Theoretlical Calculations" and
in eppendix B.

TEST SPFCIMEN AND TEST PROCEDUR=

The test specimen for the first serles of tests
(fig. 6) was e 2lis-T aluminum-alloy box structure. The
speclmen was symmetrlcal about the plane of the root bulk-
head. Because the structure ss well as the losdlng was
symmetrlcal about thls vlane, the spsrs could be conslidered
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to be perfectly flixsd at the root dulkhead. The numbering
of the bays 1s needed only for the anaelysls (appendix B}
end 1e 1n eccordance with the rules of reference 1. The
bulkheed between bay 1 and bay 2, which 1s not shown in

detail in figure 6, was of é%-inch—thick steel.

For the first serles of tests, the bulkhead at the
discontinulty was made of-l-inch-thick steel as shown on

the main érawing of the test structure in flgure 6. For
the second serles of tests, this stiff bulkhead was
replaced by a flexible one made of 0.0l6-inch-thick
gluminum-alloy shesat with vertilcel stiffeners spaced

5 inches gpart. The cross sacticn of this bulkhead 1is
shown in the left upper corner of figure 6. For the third
series of tests, the btulkhesd wes as shown In the right
lower corner of figure 6. The bulkheed 1tself was the
same one that was used 1n the sccoad serles of tests, but
the steel cap angls on tor wsas removed. The web of the
flexltle bulkhead was in a state of dlagonegl tenslon under
ths test loeds.

For convenlence, the three different bulkheads will
be referred to es stilff bulkhead, flexible bulkhead wilth
stiff cegp-strliv, and flexible bulkhzad with flexible cap-
strip, respectively. It should be noted that the so-
called flexlble csp-strin was theoretlcally not sulfi-
clesntly flexlble to csusc nonuniform dlagensl tension,
but 1t did parmit some locel defovrmations 1In the corners
of the bulkhesd bescavse, unllke the steel cep angle, it
vas not attsched to the spar ccps.

Torques were anpllied to the two ends of the structure
by means of cebles and winches. The loads wsre measured
by dynamometers sccurste to about 1/2 percent. The strain
measuremsnts were msde with Tuckerman straln gages. Two-
Inch gagss were used except on the cover sheets 1ln the
sheet bays adjacent to thc corner flsenges, where one-inch
gegos were used., Readinzs were taken at zero and at four
equally spaced losda. Loacd-streiln plots were meds, and
the resdings wcre rclectced 1f 1t wes not possible to céraw
e streight 1line through the four volnts taken under lcad
or 1f such a stralght line missed the origin by more than
200 psl. The strains were converted to stresses by use of the

values of E = 10.6 x 107 ksl and G = 4.0 x 103 ksi
recommended in refercnes li;. The shcar stresses in the
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sheet were determined from two sets of gage readlngs at
Li5° end 135°, respectively, to the axls of the structure.

THECRETICAL CALCULATIONS

The theoretical calculations were based on the method
given in reference 1 for calculaeting bending stresses due
to torsion. The slight modifications of the formulas that
are necessary to teke into account the flexliblility of the
bulkhead at the discontinulty are given 1n appendlix A.

The detalls of the calculation for the structure wlth the
flexible bulkhead are gliven in appendix B. Thils calcula-
tion applies to the second and the third serles of tests,
because the only change mede in the structure - removal

of the steel csp angle on the bulkhead - theoretlcally

did not increase the flexibility cf the bulkhead. The cal-
culations for the first serles of tests differ from those
shown only in the magnltude of the terms 1lnvolving the
bulkhead thickness.

The theory sssumes that the wsalls cerry only shear
stresses, and thet longitudlnal stresses aro absorbed
by concentreted corner flanges or sper caps. The shear
webs, the cover sheets, and the stringers must therefore
be renlaced by equlvalent concentreted corner flanges for
purpcses of celculstion. On the assumption thet the
chordwlse dlistribution of the longitudlnel stresses in a
wall 1s lineer, the equivalent erea 18 one-csixth of the
actual area of the wall (reference 2}. Thls theoretical
coeffliclent of 1/6 wes consldered sufficiently accurate
to obtaln the concentreted corner flanges equlvalent to
the shear webs.

For the cover sheets wlth their stringers, the theo-
retical coefficient 1/6 was considered not sufficiently
accurate, chisfly beceuse the length-wldth raetlo was quite
smsll. For the continuous bottom cover, including
stringers, the equivelent ares wes estimated from stress
measurements by two methods. The first method conslsted
in obtelning an experimental stress distributlon across
the cover at a station close to the discontinulty; the
equlvalent area wes then computed from the lntegrsted
moment of these experimental stresses. The second method
consisted In compsring the stress in the free spar cap
with that In the spar caep attached to the cover at a
number of stations in the open-box regicn. The first
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method gave a coefflcient of about 1/15, and the second
method gave an aversage coefficlent of slightly more than
1/20. Becsause the second method was based on a much
larger number of measurements, more welght was glven to
it than to the first method, and a round value of 1/20
was used.

At the Intermedlate bulkhead, the equivalent flange
sree of the discontinuous (too) cover might be assumed to
equal that of the continuous cover; toward the two ends
of the cover 1t drons to zero. The average equivalent
erea was therefore smell and was neglected 1n the general
calculetions. The equlvalent area of the dlscontlnucus
cover 1s needed, however, to calculate the local correction
to the shear stress ceused by the diffuslion of psrt of the
flange force Into the cover near the discontinulty. (See
eppendix B.)

As a result of the assumptions made, the area A of
each corner flange was ccnstant from tlp to root, but
there were twe different values of srea - one for the
flanges on the slde cof the continuous cover snd one for
the flanges on the side of the discontinuous cover. The
individual flange arees were used for computing the
stresases from the forces 1ln the flanges, but the averege
of ell the flange &areas was used in the computation of
the coefficlents p, q, and w (appendix A). This procedure
was necessary because the theory assumes gll the flanges
to be equal; 1t should entell no serious error because
the two Indivldusel values did not differ greatly from each
other, and trlel celculations showed that large changes 1in
the srea A produced only small changes In the flange
forces,

T=EST RESULTS AND DISCUSSICN

The spanwise distributlon of the shesr stresses in
the shear webs 1s shewn In fipure 7. The measurements were
teken 1n the Tlrst series of tests (stiff bulkheed); 1in
the other two serles, meessurements on the shear wobs were
taken only 1n the box reglon. In the open box, the
stresses were calculated by formula (1), by using for c¢ the
dlstance between centrolds of the sper ceps. The calcu-
latlons for the region of the closed box were mede as indi-
cated 1n appendlx B. As mentioned in the general dis-
cussion of the problem, the stress in the shear web Just



NACA ARR No. L5G18 9

outboard of the discontinuity 1s much lower than would be
caloulated from the, simple’ torslon formula (2) for a free-
torsicn box. 1In view of the small magnitude of the
stresses, the agreement between calculated and experl-
mental web shear stresses mey be considered quite satis-
factory.

The spar-cap stresses measured 1in the first and
second series of tests are shown In flgures 8 and 9,
respectively. In the third serles, measurements were
taken only 1n the viclnity of the discontinulty; they
agreed very closely with those taken in the second series
and consequently are not shown. On the top spar csps,
the stresses are 1nfluenced by lateral bending (reference 2)
in the vicinity of the discontinuity and of the root.
These latersl bendlng stresses account fcr the pronouncod
difference between the stresses in the medlan fiber snd
those In the outermcst fiber Just outboard of the discon-
tlnulty. The median flber stresses were obtained by
everagling the stresses on the outermost snd the innermost
fibers; theoretically, therefore, the effect of lateral
bendlng was eliminasted from the experimental stresses
shown, but the Investigatlon of lastersl bending on these
spar caps (reference 2) showed that the elimination may
be lncomplete beceuse the caps do not act as lntegrel
unlte. In order to evold confuslon, no calculations for
lateral bending are shown, but 1t mlght be well to point
out that, with the flexlble bulkhzad, the stress in the
Innermost flber (not shown] at the discontinuity is nearly
equal to the stress 1n the medlen flber at the root.

On the whole, the agreement between calculated and
experimentel spar-cap stresses may be consldered setlsfac-
tory except on the tcp caps 1In the structure with the
flexlble bulkheed.

The shear stresses measur:z2d 1n the box part of the
structure are shown in figures 10, 11, and 12. Running
sheers are shown rather than shear stresses because the
scele 1s so small theat the stresses 1n the shesr web would
be difficult to compere. As was to be expected, the
stresses measured in the structure with the flexible bulk-
heegd were slmost ldentlcal, with the stiff cap-strip
(fig. 11) or the flexible can-strip (fig. 12). The only
exceptlons were the sheer stresses in the corners of the
discontinuous cover aedjJacent to the discontinuity. as
Indlcated by the questlon marks beside the plotted points,
hovever, these values are consldered questlionable 1n both



10 NACA ARR No. I5G18

serles of tests beceuse 1t 1s belleved that they were
probably faelsified by buckling of the cover sheet, which
was lnduced by the pull of the diasgonal-tension field in
the bulkhead. The check of ststlic equllibrium between the
shesr force 1n the discontinuous cover and the shear force
in the continuous cover for the ststion next to the bulk-
head showed that the internal force in the discontinuous
cover was about 10 percent too high for flgure 11 as well
gs for figure 12. In flgure 10, where no buckling took
plece, the seme check showed an error of less than 0.2 per-
cent. At all other stations in the three serles of tests,
the error in the stetlec check was less thsn 1 percent
except at the tip station 1In flgure 12, where the error
was E percent. When the points marked by questlion marks
were dlscarded and the straelght-line extravolction from
the two adjacent polnts was used, the error was reduced
from 10 percent to about 5 percent. The hlgh shear
stresses in the corners are therefore probably spurious.

Direct evlidence of felsification of measured stresses
due to buckling was found on the web sheers sdjacent to
the flexlible bulkhead; these shears are omitted in
figures 11 and 12 for thils regason. The load-strsin curves
for these statlons did nct show a constant rate of change
of straln with load, but a decressing rate and finally a
reversal. The effect was partlcularly pronounced on the
two gage stations adjacent to those corners of the box
where the tenslon diagonals of the bulkhesd termlnated.

A grephlc presentation of the experlmentsl stresses
for 8l1 three test serles 1s given in flgure 13. In order
to s8lmlify the victure, felred curves are shown rather
than indlvidual measurements. The polnts marked with ques-
tion rarks in flgures 11 and 12 were dlsregarded here.
With the stiff bulkhead, the shears l1n the cover sheets
of the bay adjecent to the discontinulty were considerably
higher than the baslc sheer T/2bc; 1in the tip bay, the
cover shears were lower but were stlll higher than the
basic shear. Wlth the flexible bulkhead, the shesrs in
the cover of the bay adjacent to the dlscontinulty were
reduced to an average vslue not much higher then the basic
shear, but the shesars 1n the tip bay were much higher than
the baslc shear.

A close comparlson of ‘experimental and calculated
stresses 1n figures 10, 11, and 12 1s somewhat difficult
because the simple theory used glves uniform chordwlse
distributlions {(except on the discontinuous cover near the
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discontinulity), whereas the actual chordwlse distributlions
tend to be veriable. In order to overcome this dlfficulty,
dliordwlse averages of the stresses were computed for each
cover and for each statlon. Because these chordwlse aver-
ages of the stresses differ from the internel forces only
by a constant, the statements made above concernlng the
closeness of the static checks apply agaln. In view of
these good static checks it wes considered not werthwhile
to give the indivlidusal stresses, snd only the experimental
averages for each bsy were included in the final tabula-
tion presented in tadle 1.

Two sets of calculated stresses sre shown in table 1,
The first set is based on a bulkheed shear stiffness Gt
equal to 100 percent of the calculated stiffness; the
second set is besed on a stiffness equal to 70 percent of
the calculated value. The second sot was computed because
8 cormperison of the retlos of experimental to calculated
stresses for the first set indicsted systemetlic differences
of such a neture that the assumption of greater bulkhead
flexibllity would glve better agreement. It wlill be noted
that the lmprovement wes inslgniflcant for the stiff bulk-
head but was anpreclable for the flexlible one; the&t 1s,
the calculatlons were sensitive to bulkhead stiffness when
the stlffness was small. Fallure to achleve the full cal~-
culeted stiffness may be attributed to rivet defcrmation
and locel deformation of the bulkhead 1n the corner. In
ell the tests, the apreement between experimental and cal-
culated stresses wes better for the bay adjecent to the
discontinulty than for the tip bay. In the bay next to
the discontinuity, agreement wes good with the stiff bulk-
heed; with the flexible bulkhead good agreement epparently
depended on a correct estimete of bulkhead stiffness.

The experimental shear stresses in the cover were
changed by mors then 20 percent by substltuting a flexlble
bulkhecd for the originel stlff bulkhesd. Thils large
chenge Indic:ztes clearly that the streess anslysis should
take the bulikheed flexibllity into account. Fallure to
achleve good agrecment between theory end experiment in
the tip bay can probably be attributed to the fact that
the uneccourteble effacts menticned - rivet deformation
and lccel dcformsetlon of the bulkhead - were accentuated
at the tlp bulithead where the torque was lntroduced in
the form of coacentrated forces.
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CONCLUSIOKS

The followlng conclusions were drawn, from the test
data and the calculeted results, concerning the stresses
near the Juncture of & closed wlth an open torsion box:

1. The measured stresses in the vicinity of the dis-
continulty sagree sstisfactorily with the calculeted
stresses provlided the bulkhead at the discontinuity 1s
stiff. If the bulkhesad 1s flexlble, close agreement can
be achleved only 1f the cffective shear stiffness of the
bulkhead can be estimsted correctly.

2. If the bulkheead stiffness 1s veried between some-
what wlder limits than are 1llkely to be found 1n actusl
construction, the shesr stresses in the cover may change
by more than 20 percent.

3. The chordwise distrivutlon of the shsar siresses
1s more verigble than can be explalned by the simple
theory nrecsented here.

Langley Memorlal A2rcnauticeal Laboratory
National Advisory Cormittee for Aeronsutics
Lengley Fleld, Va.
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APPENDIX A
FORMUL AS FOR COMBINATION BAYS WITH FLEXIRLE BULKHEADS

The shear stress in the bulkhead et the Juncture
between the open and the closed box pert of a comblnatlon
bay (reference 2) can be obtalned by noting that the
running shear acting on the bulkhead equals the running
shear 1n the cover sheet terminatling at the bulkhead, or

Tgty = Tyty

The value of Tq obtalned in thls manner may bse used to

add terms representating the energy 1n the bulkhead in the
derivations glven in reference 1, with the followilng
resultes

(1) In the formules for warping WOT or wiT
(formulas (49), (50}, (56), end (57} of reference 1)}, add

T
16atBG

whare tB 1s the thiclkness of the bulkhesd. For a com-

blnation bay of tyne II (see reference 1), which 1e the
case dlscussed in this pever,

T = of 4 gf8 T
Yo DA v 16atgG

(2) In the formulas for coeffilclents p end q
(formulas (23) and (27) of reference 1), add
be

2
16« toG
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For Instance

3  8ga\tp &g 16a“tga

The corrected form for p must be used in formula 010)
of reference 1; similarly, the corrected forms for p and
q must be used in formules (49), (50), (56), and (57) for
warpling. ]

The corrected formulas apply only to bays having no
intermediate ribs (assumption A of reference 1). For bays
with closely speced intermedlate ribs (aessumption B of
reference 1), 1t would obviously be pointless to attempt
to take into account the flexlbility of the flrst bulkhead
as long as the Intermedlete ribs are assumed to be rigld,
as was done 1n reference 1., If the intermediate ribs are
assumed to be flexible, &ll the formulas become more com-
pliceted, end it is bellsved that the galn in accuracy 1ls
too small to justify the added complicaticns in most prac-
tical cases.
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APPENDIX B

NUMERICAL ANALYSIS OF TEST STRUCTURE
WITH FLEXIBLE BULKHEAD
Baslc Data

As an example of the method of analysis, the stresses
eare analyzed near the Juncture of a closed and an open
torsion box like the test specimen dlscussed iIn the pres-
ent paper. The case conslidered 1s that of the flexible
bulkhead. Number subscripts 1 and 2 refer to bays or
statlons, numbered by the conventlon of reference 1. BRays
are numbered as shown in figure 6. Station 1 is between
bay 1 and btay 2; station 2 1s the root. The basic data
follow:

a; = 8, = 28 1in. b = 45 1in. ¢ = 10 in. d = 56 in.
tb = 0.0’4.0 11’1- tc = 0008]. 11’1.
16.8 in.-kips

HiQ A

0.377 (from values of G &and % used to convert
strains to s*tressas)

Estimated effective shear modulus of bulkhesd in diagonal
tension G, = 0.62G

Effective thickness of bulkhead tg = 0.62 x 0.016
= 0.010 in. _

Cross-sectlonal area of actual corner flanges (two angles)
= 0.470 sq in.

Equivalent flange area contributed by shear web = = x 0.81

= 0.1%5 sq 1n.

o -

Total effective area of ton flanges = 0.4L70 + 0.135
= 0.605 sq in. ‘
Equlvalent flange area contributed by bottom cover

- 1 —
= g5 x 3.25 = 0.165 sq in.
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Total effectlive area of bottom flenges
= 0.470 + 0.135 + 0.163 = 0.768 &q 1n."

Average effective flange area = i (0.605 + 0.768)
= 2
= 0,687 sq in.

Calculation of Coefflclents

The coefflcients listed hereln are calculated as
indlcated in apnendix A by the formules of reference 1.
The formulas ere used here In the modlfled form suggested
in reference 1 for numerlcal work. The modiflication con-
sists in multiplrirg through by G; the factor 1,/G then
dissppears and the fector 1/E is replaced by G/E. The
coefficlents s&re

ag 1 b c

3AE  Ba \tp tg
_ 28x0.277 L 1 }i5 , 10 i)
3xG.687 8x28 \0.040 0.081

5.1 + 5.57 = 10.71

G, 1 /b, _°_>
6AF Ba\ty te

_28x0.377 , _1 Ls _, .10
6x0.687  8x28 \0.0L0 0.08.

-2.57 + 5.57 = 3.00

(o]
[
ti

be
2
16a tg

382 Ba \tp, *t,

_ 28x0.377 . _1 4o, 10 T> + 115%10
3x0.687  Bx28 \0.040 0.081/ 16x(28)2x0.010

5.14 + 5.57 + 3.59 = 1L4.30
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-8 4, 1L /b 4
6AE ~ Ba \tp

ag
by + IE

1,.30 +

-2.57 + 5.57 + 3.59 = 6-59

56x0.377

0.687

14.30 + 30.82 = }5.12

% (%)

10

8xh5x10
0.278T

0.040 )

132.02

0.06

)

£L) + qp Id Td , __T

0.278F + 6.59 Ix%

0.2787 + 0.8207 + 0.223T

1.321T

61.82

be léety
T
L45x10 16x28x0.010
2
oy T4, TP T
be 2bcAE  1lbatgy

0.2787 + 1l.30 X536

Txﬁél x0.377

4i5x10

2xh5x10x0 687

0.278T + 1.779T + 1.918T + 0.223T

l}..1987T

196.49

17

+ 0.2237T
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Calculation of X-Forces
Pecause the structure being analyzed has only two
bays, the equatlons for the X-forces can be obtelned by
simply substituting m = 2 1into equations (62) and (63)
of reference 1:
-(P1 + P2)Xy + QXp = ~wyT + wp T

- = —wo,T
Xy = Pp'¥Xp T -W2y

Substitution of the numerical values glves

-25.01%; + 6.59%, = -13.02 + 61.82 = L8.80
6.59%7 - L45.12%X, = -196.49

The =solution of these equatlons 1s

Xy = -0.837 kips X, = .233 kips

The X-force at the dlscontinulty 1s

Td
Xy = Xq = —=
D 2 " be

= }.232 - 5.8 = -1.591 kips

Calculation of Stresses

The stresses Iin the top flanges are

_ 0.837

%1 = "5.¢05

oo = $:235 _ 7.00 ksi
0.€05

1.0 ksi

1.591

= - = -2,63 ksl
0.605



NACA ARR No. L5G18 19

The running shesars in the cover sheet are obtained by the
applicatiop. qf"¥qrgq}§s_(§) epd_(z)_of reference 1 as

X1 T

Tt = a— +

( )1 28a 2be
- Xn+X T

(Tt)2 = —21
2a 2be

or numerically

-0.637 + 6.8
2x28 2x15%10

0.0149 + 0.0520 = 0.0669 kivs/in.

(Tt)]_:'

(Tt), = 1'5%;%'837 + 0.0520

0.01%5 + 0.0520 = 0.0655 kips/in.

The sheur stress Iin the cover adjscent to the dlscontinulty
is

- (Tt)z - O,Q6'zi = 1 6 k i
T2 = 5.0Lo 0.0Lo <037 ks

Correction to Shear Stress 1n Discontlnuous Cover

At the inboard end of the dlscontlnuous cover, the
flange force X 1s introduced 1ln concentrated form et the
corner flange. The maximum shear stress in the adjacent
sheet, caused by diffusing part of this force lnto the
corner, may be calculated by formula (A-2) of reference 5.
For large values of KI,, this formula maey be simplified to

XA
T == —————

where the shear-lag parameter K 1s deflned by

G
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The symbols appeering in these two exvresslons apply
directly to the propertles of an ldesllzed panel. The
relations between 1deellzed panels and actual flat panels
have been esteblished empirlcally (reference 6), but there
l1s some doubt about the detalls of extending these rela-
tions to the case under ccnslderstion here, where the
force X 1s gpplied to the corner flange of & box. For
a wlde shallow box, such as the tast box, the followling
interpretetion of the symbols 1s bellevea to be reasonable:

A effective cross-sectlional area of corner flange
Includling actual corner angles snd equlvalent area
contributed by adjascent sheer web

equivelent ares contributed to corner flange by dis-
contlinuous cover end 1ts stringers

e

AP sum of A and AL

substitute width (b/l)

o
[¢+]

thickness of cover sheet

4 o

Yourg'!s modulus of elasticity

Q

shear modulus cf elasticlty

Substitution of the numericsal vsalues then gives

/
0.377x0.0l0/ 1 1
= A = 0.102
K b/ 11.25 \0.605 o.16§)

and
_ 1.591x0.102x0.163

T™mex = " g p),0x0.768

= 0.865 ksi

The shear assoclated with the diffuslion of X into the
cover and stringers mist be dlstributed In suck a way

that 1t does not change the average transverse shesar force.
It wes assumed that this ghesr 1s dlstributed paratollcslly
over the width of the cover, and 0.€7T,., was added to T,

to obtalin the final sheer stress 1n the corners while
: 0‘33Tmax was subtracted from T, to obtaln the shear

stress at the center line of the cover sheet.
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In view of the uncertsinty in determining A, bg,

and the chordwlise dlstribution of the shesr correction,
the method given must be considered as purely tentative.
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22 TARLE 1 NACA ARR No. I5G18
COMPARISON COF EXPERIMENTAL AND CALCULATED
SHFAR STRFSS¥S (PSI) IF CLOSED-BOX
PART OF STRUCTCRE
Bay 1 8Bgy.2
Shear stress __(outboard bay) (inboard bey)
Cover |Shear web Cover ear web
3tiff bulkhead
% i
Experimental 1587 583 195 30l
Calculatedb 5 200 290,
Experimental/caelculated{1.113 | O. 928 0.974 1.03L
Calculated® 129 578 1933 297
Experimental/balculatedl1 .110 |} 0.931 0.9 1.023
Flexible bulkhead, stiff cep-strip
Experimental 1842 78 1L77 238
Calculatedb 1674 sg 1637 76
Experimental/calculated{1.100 | O. .0.902 1.129
Calculsated® 1756 ha7 151} 536
Experimental/calculated|{1.0L49 | 0.907 0.97L 1.002
Flexible bulkhead, flexible cap-strip

Experimental 1927 €8 12h8 386
Calculatedb 1674 7 1637 76
Experimental/calculated|1.150 | 0.8L9 0.885 1.23%0
Calculated® 1756 17 151l 536
Experimental/calculated{1.098 | 0.931 0.955 1.091

pxperimental stresses for bay 2 are aversge of 2 stations,
bBulkhaad stiffness considered 100 percent of calculated

valus.

CBulkhead stiffness considered T0 percent of calculated

value.
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NACA ARR No. L5G18 Fige. 1-3
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Figure |-Two-spar siructure Figure 2- Box under torsion.
under forsion.

Figure 3.- Combination box and two-spar structure under torsion.
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(b) Free-body diagrams of combination structure.

Figure 4.- Combination structure.
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NACA ARR No. L5G18 Fig. 5a,b
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Figure S.--Stress distribution in.combination. structure.



‘ Flexible bU‘Khend.fMible

cop-Sirip.

v ettt QliOY UTIESS dheruiise spedﬂed.

+874

soN ¥uV VOV

g1psl

o ———— - —



NACA ARR No. L5G18 Fig. 7
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Figure 7.— Spanwise distribution of stresses \n shear webs for
box with stiff bulkhead at discontinuity.
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Figure 8- Distribution of spar-cap stress in test structure
with stiff bulkhead-
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Figure a-Distribution of spar-cap siress in test structure
with flexible bulkhead and stiff cap-strip.




Running shear, kips/in.
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Figure |0- Distribution of running shear along perimeter of box with stiff bulkhead at discontinuity
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Running Shear, kips/in.
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Figure 12 Distribution of running shear along perimeter of box with flexible bulkheod and

flexible cap-strip at discontinulity.
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Figure 13- Distribution of running shear along perimeier of box for the three types of bulkhead used.
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